Background and objective: Breast cancer (BC) is the most lethal human malignancy and is the leading cause of cancer-associated death in women worldwide. Krüppel-like factor 9 (KLF9) belongs to a family of transcriptional regulators and its role in BC has not been fully investigated. Method: Data mining was used to analyze BC data from The Cancer Genome Atlas (TCGA) database, which was downloaded using the UCSC Xena browser. The differential expression and methylation level of KLF9 was analyzed in patients with BC and corresponding normal controls enrolled from our hospital. Besides, the correlation of KLF9 methylation and prognosis was explored, and gene set enrichment analysis (GSEA) was conducted to identify the potential signaling pathway of KLF9 involved. Results: Both TCGA and BC tissues indicated hypermethylation of the KLF9 promoter region in patients with BC compared with normal controls, which might account for the dysregulation of KLF9 in patients with BC. Besides, hypermethylation of KLF9 was detected in patients with estrogen or progesterone receptor-positive and non-triple-negative disease. Further, hypermethylation of KLF9 was demonstrated to be a potential independent biomarker in obtaining favorable outcomes in BC. By GSEA, tumor-associated biological processes and signaling pathway were identified, which indicated that KLF9 might play a vital role in the carcinogenesis of BC. Conclusion: KFL9 plays an important role in the carcinogenesis of BC through the multiple tumor-associated signaling pathway. The hypermethylation of KLF9 resulted in its reduced expression in BC, while the hypermethylation of KLF9 has potential in the prediction of favorable outcomes in BC.
Introduction
Breast cancer (BC) is the most common cause of cancer-related death in women worldwide. 1 Incidence rates are high in well-developed countries, whereas those in developing nations such as Africa and Asia, incidence rates have historically been relatively low, but have increased in recent decades. 2 According to the report on the global burden of cancer by the International Agency for Research on Cancer, almost half of the cases and over half of the cancer deaths worldwide occurred in Asia in 2018. 3 In 2018, there were approximately 2.1 million new cases of BC, comprising 25% of cancer cases among women, and almost 700,000 deaths, accounting for 16% of cancer-associated deaths among women.
Many established risk factors for BC are related to estrogen. 4, 5 Risk is increased by early age at menarche, 6 later age at menopause, 7 and obesity in postmenopausal women. 8 Prospective studies have shown that high concentrations of endogenous estradiol are associated with increased risk of BC development. 9 Childbearing reduces risk, with greater protection for early first birth and a larger number of births; breastfeeding also likely has a protective effect. 10 Alcohol consumption increases BC risk, whereas physical activity is probably protective; 11 however, these risk factors account for a minority of cases.
Transcription factors can contribute to carcinogenesis and the progression of various cancers. 12 Transcriptomicsbased screening of molecular signatures has identified multiple differentially expressed genes that are associated with decreasing in the overall survival (OS) of BC patients. 13 The human positive cofactor 4 (PC4), initially identified as a transcriptional cofactor, exerted its oncogenic functions by directly binding to c-Myc promoters and inducing Warburg effect. 14 The expression of PC4 has effects on sensitivity to paclitaxel of cancer cells and is associated with poor survival in patients with BC. 15 Krüppel-like factors (KLFs) are DNA-binding transcription regulators that control essential cellular processes, such as proliferation, differentiation, migration, and maintenance of pluripotency. [16] [17] [18] Previous studies showed that Krüppel-like factor 6 (KLF6) functions as a tumor suppressor in BC by reducing cell proliferation rate through increased c-Jun degradation and proliferating cell signaling. 19, 20 Krüppel-like factor 11 (KLF11) was hypermethylated in BC; this hypermethylation may be associated with low expression and cancer metastases. 21 Krüppel-like factor 8 (KLF8) acts as an oncogene in lung adenocarcinoma, and Kaplan-Meier curves revealed that high expression of KLF8 was related to poor prognosis in patients with lung adenocarcinoma. 22 Expression of Krüppel-like factor 15 (KLF15) was also found to be abnormally high in lung adenocarcinoma tissues and was correlated with tumor TNM stage, and has potential as a cancer prognostic marker. 23 Krüppel-like factor 9 (KLF9) was previously reported as a basic transcription element-binding protein, due to its specific binding to the transcription element GC box in a gene promoter region. 24 Further, KLF9 is implicated in the pathogenesis of several cancers, including endometrial cancer and other endocrine-responsive cancers of female reproductive tissues; 25 however, the role of KLF9 in BC remains largely unknown. Here, we took advantage of public databases to explore the expression and methylation status of KLF9, and to identify the biological processes involving KLF9 and its co-expressed genes in the context of BC. Further, we also validated our findings using laboratory experiments.
Materials And Methods

Tissue Collection
A total of 144 BC and adjacent normal tissue samples were collected and stored in liquid nitrogen after surgery. All patients were enrolled in the thyroid and breast surgery department of Li Huili Affiliated Hospital of Ningbo University and they signed the informed consent forms before surgery and sample collection. All patients were pathologically diagnosed with BC by at least two experienced pathologists. The study was approved by the Human Research Ethical Committee of Ningbo Medical Center Lihuili Hospital.
DNA Extraction And Bisulfite Modification
Genomic DNA was extracted from patients with BC and normal tissue controls (n = 144) using DNA Mini Kit (Qiagen, Germany), according to the manufacturer's protocol. The quality and concentration of DNA were measured. Extracted DNA was bisulfite-treated using the ZYMO EZ DNA Methylation-Gold Kit, as recommended by the manufacturer (Zymo Research, USA).
Quantitative Methylation-Specific Polymerase Chain Reaction (qMSP)
The promoter region of KLF9 was amplified by fluorescencebased qMSP, using SYBR Green Master Mix (Promega, USA). The qMSP primers for KLF9 were described in a previous study. The primer sequences of KLF9, 26 along with those of primers for amplification of the control gene, ACTB 27 are listed in Table 1 .
Bioinformatic Analysis Using The UCSC Xena Browser
All microarray data (including methylation and expression information) from patients with BC and normal tissue controls, along with the clinical characteristics, were from the Cancer Genome Atlas (https://www.cancer.gov/, TCGA), which was downloaded using the UCSC Xena browser (https://xenabrowser.net/). 28 
Bioinformatic Analysis Using cBioPortal For Cancer Genomics And ClueGo
Genes co-expressed with KLF9 were identified using cBioPortal for Cancer Genomics (www.cbioportal.org/, |Pearson's r| ≥ 0.4; P < 0.01). 29 Then, the genes were loaded into ClueGo in Cytoscape version 3.71 for analysis of KEGG pathways. 30 Gene Set Enrichment Analysis (GSEA) And Single-Sample GSEA (ssGSEA)
TCGA BC patients were classified into two groups, high expression and low expression, according to the median expression of KLF9. GSEA of KLF9 was performed using GSEA 3.0 software. An enrichment score (ES) >0.4 was obtained and false discovery rate (FDR) value <0.05 was regarded as statistically significant. To compare the activation degree of enriched pathways from GSEA, we used ssGSEA to generate activation pathway score. 31 Using GSVA package and its ssGSEA method (http://www.bioconductor.org), the enrichment pathway score in each sample was calculated. 32 The scatter plot of activated pathway score and KLF9 expression was generated by ggplots package on the R platform.
Statistical Analysis
Statistical analysis was performed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Differences in KLF9 methylation and expression between BC and healthy control tissues, and associations between KLF9 methylation and clinicopathological features were evaluated by independent t-est or one-way ANOVA. Multivariate Cox regression models were constructed to analyze the prognostic power of clinical variables, using the "survival" package on the R platform (https://cran.r-project. org/web/packages/survival/survival.pdf). A heatmap of KLF9 methylation, clustered by sample type, was generated using the "pheatmap" package on the R platform (https://cran.r-project.org/web/packages/pheatmap/ index.html). The ssGSEA analysis was performed using GSVA package, and the scatter plots were generated using ggplots package on the R platform. Other data were analyzed using GraphPad Prism 6 software (GraphPad, San Diego, CA). Two-tailed P values <0.05 were deemed statistically significant.
Results
KLF9 Is Significantly Downregulated In BC Tisuues Compared With Normal Control Tissues
In the initial data mining, we downloaded KLF9 expression data of 1108 BC and 139 normal control tissue samples using the UCSC Xena browser. After filtering out the samples with null values for KLF9 expression, a total of 1104 BC and 114 normal control tissue samples were included for further analysis. As shown in Figure 1 , our results indicated that KLF9 expression was approximately 1.2-fold reduced in BC (cases vs. controls: 9.76 ± 0.87 vs. 11.56 ± 0.77, P = 4.96E-86).
Biological Processes Regulated By KLF9
By data mining using cBioPortal for Cancer Genomics, we identified genes co-expressed with KLF9 in BC (|Pearson's r|≥0.4, P < 0.01; Table S1 ). A total of 13,010 genes were identified as co-expressed with KLF9 in BC. To further explore possible signaling pathways in which KLF9 may be involved, KLF9 co-expressed genes were subjected to pathway analysis. As shown in Figure 2 , the co-expressed genes were enriched in multiple biological processes, including negative regulation of cellular processes, regulation of multicellular organization, cell migration, and cellular responses to growth factor stimuli. A GSEA was conducted between low and high expression of KLF9 to identify some associated KGEE signaling pathways. The most significant pathways were identified according to the ES and FDR q value. As shown in Table 2 , the results showed 50 significantly enriched pathways (P value < 0.05). Single-sample Gene Set Enrichment Analysis (ssGSEA) calculates separate ESs for each sample and pathway. Each ssGSEA ES represents the degree to which the genes in a particular pathway are coordinately up-or downregulated within a sample. Therefore, in order to validate the differentially enriched pathways associated with KLF9 expression from GSEA, we used the top 10 pathways shown in Figure 3 for ssGSEA. Then, the scatter plots about ssGSEA activation score of pathways and KLF9 levels were exhibited in Figure 4 , and results showed most activated pathways score (especially MAPK signaling pathway) were significantly associated with KLF9 expression in BC.
Negative Correlation Of KLF9 Expression And Promoter Methylation
To determine the mechanism of downregulation of KLF9 in BC, we simultaneously obtained KLF9 methylation data from the UCSC Xena browser. First, the location of the KLF9 gene in the genome and the distribution of CpG sites at the locus were extracted from UCSC Genome Browser (http://genome.ucsc.edu/) ( Figure 5 ). Subsequently, a heatmap of all KLF9 CpG methylation sites was constructed ( Figure 6 ), which demonstrated that the methylation level of site cg00049440, located in the KLF9 promoter region was significantly higher in BC than normal control tissues ( Figure 6 ). Finally, Pearson's correlation analysis demonstrated a negative correlation between KLF9 expression and cg00049440 methylation, indicating that promoter methylation could be the mechanism underlying KLF9 dysregulation in BC (r = −0.34, P = 5.08E-23; Figure 7 ).
Associations Between KLF9 Methylation And Clinical Characteristics
Clinical features of BC were also downloaded using the UCSC Xena browser. There were 788 cases with both KLF9 methylation data and clinical features. Associations between KLF9 methylation and demographic and clinicopathological parameters in patients with BC are summarized in Table 3 . The results showed that KLF9 methylation levels were significantly elevated in elderly patients (≥55 years), and patients with estrogen receptor-positive (ER+), progesterone receptorpositive (PR+), and non-triple-negative tumors.
Prognostic Value Of KLF9 Expression And Methylation In BC
By performing multivariate analysis, we identified three clinical parameters associated with poor OS: age, lymph node metastasis, and distant organ metastasis (age, HR = 1.04, P = 3.3E-07; lymph node metastasis, HR = 1.79, P = 0.02; distant metastasis, HR = 4.42, P = 5.6E-05). Distant metastasis was associated with poor recurrence-free survival (RFS) (M stage: HR = 5.12, P = 3.66E-03). Moreover, methylation of KLF9 was an independent prognostic factor for superior OS (HR = 0.35, P = 0.015) and RFS (HR = 0.31, P = 0.035) of patients with BC (Table 4 ).
Hypermethylation Of KLF9 In A Validation Dataset
To verify the methylation levels of KLF9, a fragment of the KLF9 promoter region was amplified using qMSP. A total of 144 bisulfite-converted DNA residues from BC and adjacent normal control tissue samples were analyzed. The results demonstrated elevated KLF9 methylation levels in BC relative to controls (0.322 ± 0.193 vs. 0.113 ± 0.059, P = 3.89E-25; Figure 8 ). Next, subgroup analyses were conducted according to clinical features. The results were in accordance with our findings from analysis of TCGA dataset, showing elevated methylation level of KLF9 in patients with ER+, PR+, and non-triple-negative tumors ( Table 5 ). Figure 3 The enrichment plots from GSEA results.
Figure 4
The scatter plots about ssGSEA activation score of pathways and KLF9 levels. Biomarkers that can predict the metastasis or prognosis of BC are also scarce. Although the risk of distant metastases increases with the presence of lymph node metastasis, larger-size primary tumor, and poor histopathological grade, which are established prognostic markers in BC, [33] [34] [35] 
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approximately one-third of women with BC that has not spread to the lymph nodes develop distant metastasis, and around one-third of those with BC that has spread to the lymph node remain free of distant metastasis 10 years after local therapy. 35, 36 KLFs are a family of transcriptional regulators characterized by a triple zinc finger DNA-binding domain with highly conserved C-terminal binding to GC-rich sequences. [37] [38] [39] By influencing the expression of major regulatory factors, KLFs contribute to virtually all facets of cellular function, including cell proliferation, apoptosis, differentiation, and neoplastic transformation. 37 An emerging body of evidence indicates that KLFs are associated with various types of cancers, and abnormal expression of KLF genes has been detected in multiple tumor types. [40] [41] [42] The expression profile and functions of some KLFs are overlapping, while others are widely divergent. Reduction or loss of KLF6 has been reported in colorectal cancer. 42 In BC, KLF5 expression is significantly reduced compared with that in matched normal tissues; 40 however, KLF4 mRNA expression is increased in early and invasive BC, 43 and KLF4 has attracted considerable attention for its opposing effects in carcinogenesis as tumor suppressor in gastrointestinal cancer 44 or an oncoprotein in BC. 45 As an important member of the KLF family, the role of KLF9 in BC remains largely unknown. KLF9 was previously named basic transcription element-binding protein 1 (BTEB) and first identified as a trans-repressor of the CYP1A1 gene 24 and then reported to induce CYP7A. 46 KLF9 mRNA is most strongly expressed in the brain, kidney, lung, and testis. 24 Previous studies have reported regulatory activity of KLF9 in the uterus during the development of BC and pregnancy, 47 with KLF9 knockout mice exhibiting uterine hypoplasia, smaller little size, reduced numbers of implantation sites, partial progesterone resistance in the uterus, and delayed parturition. 48, 49 In addition to the roles of KLF9 in normal cells and tissues, it has important tumor suppressive and oncogenic functions in cancer. Well-characterized biological effects of KLF9 include a role in endometrial carcinogenesis. 25 In the current study, our results also confirmed that KLF9 is mainly enriched in signaling pathway associated with carcinogenesis by GSEA analysis, including small cell lung cancer, prostate cancer, pancreatic cancer, pathway in cancer, and melanoma. In uterine endometrial cells, progesterone opposes the pro-proliferative effects of estrogen, and the absence of progesterone receptor (PR) signaling can promote cell proliferation. 50 KLF9 can facilitate progesterone-induced effects on uterine gene expression by its co-recruitment to the PR 51, 52 and trans-inhibition of estrogen receptor α activity by promoting its estrogen-induced downregulation, 53 suggesting that KLF9 inhibits proliferation in hormonally responsive cancers. Further, endometrial cancer cells with loss of KLF9 fail to be activated by estrogen, demonstrating that alteration of KLF9 expression may lead to escape from estrogen-mediated growth regulation. 54 These findings suggest the intriguing likelihood that KLF9, regulated in concert with PR and ER, may serve as a prognostic predictor for hormonally responsive diseases.
In our study, we found that KLF9 mRNA expression was significantly reduced in patients with BC relative to normal controls, partly due to hypermethylation of the These data suggest the possibility of acquired resistance to endocrine therapy following prolonged exposure to tamoxifen; that is, KLF9 expression may be re-induced in breast cells responsive to tamoxifen. This hypothesis requires confirmation by more rigorous and comprehensive prospective studies. Additionally, we performed multivariate analysis demonstrating that age (HR for OS = 1.04, HR for RFS = 1.00), node metastasis status (HR for OS = 1.79, HR for RFS = 1.13), and distant metastasis (HR for OS = 4.42, HR for RFS = 5.12) are useful prognostic biomarkers of poor outcome in BC. Notably, hypermethylation of KLF9 exhibited the potential to act as a prognostic marker of favorable outcome in BC (HR for OS = 0.35, HR for RFS= 0.31).
Conclusion
In summary, our data demonstrate that hypermethylation of the KLF9 promoter region results in its downregulation in BC. Multivariate analysis showed that KLF9 methylation was associated with favorable prognosis in patients with BC. Further, the construction of an interaction network of genes co-expressed with KLF9 indicated that this factor may participate in breast carcinogenesis by contributing to cell migration and multiple growth regulation pathways. Moreover, we found that methylation of KLF9 is an independent prognostic factor for superior OS in patients with BC. These findings may inspire new clinical practices for patients with BC, including for diagnosis, treatment, and prognosis.
